INTRODUCTION
NK cells are members of the innate immunity and play a central role in the defense against viral infections and cancer development, mainly because of their ability to eliminate viral infected and malignant cells by direct killing. In addition, NK cells are an important source of IFN-production, thereby contributing to the development of a Th1-oriented adaptive immune response. [1] [2] [3] There is increasing evidence that the functional repertoire of NK cells stretches beyond these well-described functions. More particularly, there are indications that human NK cells can display features typically associated with APCs. 4, 5 Like APCs, such as dendritic cells (DCs), activated human NK cells express a wide range of costimulatory molecules, for example, CD80, CD86, and OX40 ligand, and costimulatory receptors, for example, CD40 and 2B4 receptors, 5, 6 but it remains controversial if activated human NK cells express MHC II. Different studies reported MHC II Abbreviations: APC, antigen-presenting cell; CytD, cytochalasin D; DC, dendritic cell; MFI, mean fluorescence intensity; pre-mNK, premature NK; rh, recombinant human; rp, recombinant porcine; SLA, swine leukocyte antigen on a minor subsets of human NK cells. [6] [7] [8] This APC-like phenotype of human NK cells allows them to stimulate T-cell responses. 5, 9 On the other hand, in mice, activated NK cells can display MHC II surface expression, but do not express the transcript. Mouse NK cells can acquire MHC II protein from DCs by intercellular membrane transfer, a process called "trogocytosis." This process also provides mouse NK cells with CD80 and CD86 molecules, which are important for the costimulatory signal, but the expression level of these proteins is not functional. As a consequence, MHC II-positive murine NK cells suppress DC-induced CD4 + T-cell proliferation. 10 Given these species differences, mice might not be the best model species to study these particular aspects of human NK cell function. It has been shown that several elements of the pig immune system closely relate to that of man. 11 Previous studies showed that porcine NK cells can express MHC II molecules, [12] [13] [14] [15] but it was unknown whether this was accom- can stimulate porcine T-cell proliferation. In addition, we found that porcine NK cells are able to internalize antigens of their killed target cells in an actin polymerization-dependent way.
MATERIALS AND METHODS

Primary porcine NK cell isolation and culture
Heparinized blood samples (50 units/ml blood; LEO Pharma) were obtained from the external jugular vein of pigs NK cells were purity sorted, based on CD3 − CD172a − CD8a + expression using a BD FACS Aria III Cell Sorter (BD Biosciences), resulting in a ≥98% pure porcine NK population. Cells were cultured in 96-well flat bottom plates (Nunc, Thermo Fisher Scientific) at a density of 2.5 × 10 6 cells/ml in RPMI (Gibco, Thermo Fisher Scientific), supplemented with 10% (v/v) FCS (Thermo Fisher Scientific), 100 U/ml penicillin (Gibco, Thermo Fisher Scientific), 100 g/ml streptomycin (Gibco, Thermo Fisher Scientific) (referred to as porcine NK medium), and different cytokine mixes and incubated at 37 • C in a humidified atmosphere at 5% CO 2 for 45 h. Cytokine mixes consisted of recombinant human (rh) IL-2 (20 ng/ml) (Thermo Fisher Scientific), recombinant porcine (rp) IL-12 (25 ng/ml) (R&D Systems, Minneapolis, MN), rp IL-15 (15 ng/ml) (Kingfisher Biotech, Saint Paul, MN), and/or rp IL-18 (100 ng/ml) (R&D Systems). For cytolytic assays, porcine NK cells were cultured in 96-well flat bottom plates at a density of 5.0 × 10 6 cells/ml and primed with rh IL-2 (20 ng/ml) for 16-18 h before the assay.
Immunoprecipitation analysis of porcine MHC II
The procedure to perform immunoprecipitation analysis of MHC II was adapted from earlier reports. 21 PBMCs as well as purified porcine 
Two-step RT-PCR
Total RNA was isolated from freshly isolated NK cells using RNeasy mini kit (Qiagen, Hilden, Germany) and was reverse transcribed into cDNA using the iScript cDNA synthesis kit (Bio-Rad). The resulting cDNA served as a template for the PCR assay. The primers used for detection of SLA II DR-are listed in Table 1 
Primary CD6 + T-cell isolation
Porcine CD6 + T-cell isolation was performed as described before. 22 CD6 + T cells were enriched from PBMCs to a purity of >95% by positive immunomagnetic selection with the anti-CD6 mAb (IgG 1 , clone a38b2 23 ) and goat anti-mouse IgG 1 microbeads (MACS; Miltenyi Biotec) and using LS columns. For confocal microscopy, an additional incubation step of 10 min with Hoechst 33342 (Invitrogen, Thermo Fisher Scientific) (10 g/ml)
Cell surface expression analysis of APC markers
Proliferation assays
Cytolytic assays
was performed to counterstain cell nuclei, followed by two additional washing steps. Confocal micrographs were acquired using a Leica SPE confocal microscope (Leica Microsystems, Wetzlar, Germany).
Statistical analysis
Statistical analysis was performed using Graphpad Prism 5. Data were analyzed for statistical differences with a repeated-measures ANOVA at the 5% significance level. Post hoc comparisons between different conditions were performed using Tukey's range test except for the allogeneic/autologous T-cell proliferation assays, where an unpaired T test was used at the 5% significance level.
RESULTS
Porcine NK cell purification
Porcine NK cells represent 2-10% of the total PBMC population and are characterized by their CD3 − CD172a − CD8a + surface expression. 12,14-17,29-31 As described before, 14, 16, 17, [29] [30] [31] we first enriched the NK cell population by MACS by CD3 + and CD172a + cell depletion followed by FACS purification using antibodies against CD172a, CD3, and CD8a, resulting in ≥98% pure pNK (CD3 − CD172a − CD8a + ) population ( Figure 1A ). To ensure that the observed effects were not due to possible contaminants, particularly APC, additional stainings were done to detect expression of CD4 (subset T cells, plasmacytoid DC), CD14 (monocytes), and CD79a (B cells). 
Porcine NK cells can costimulate T-cell proliferation
To investigate whether the expression of costimulatory molecules on In conclusion, these data indicate that IL-2/IL-12/IL-18-primed porcine NK cells are able to trigger CD80/86-mediated costimulation of autologous T-cell proliferation.
Porcine NK cells stimulate allogeneic T-cell proliferation
The data above suggest that in particular circumstances, porcine NK cells have the potential to provide functions reminiscent of APCs. To strengthen this hypothesis, we set up an allorecognition experiment,
i.e. the recognition of histoincompatible antigens between genetically After 2 h of coincubation, a substantial amount (16.0 ± 2.8%) of CFSE positive NK cells could be detected, followed by a gradual decrease in fluorescence signal (from 13.3 ± 1.4% at 4 h to 9.57 ± 1.8% at 8 h), which suggests that NK cells are able to internalize parts of the cells that they killed and may process/degrade these ( Figure 6A and B). Since the purity of this NK population is ≥98%, trace amounts of contaminating cells, such as B cells ( Figure 1B) , cannot be responsible for the 16.0 ± 2.8% CFSE-positive cells. Internalization by phagocytosis or macropinocytosis depends on actin polymerization, which can be inhibited using CytD. We found that addition of CytD abrogated the increase in CFSE-positive NK cells ( Figure 6C and D) , further supporting the hypothesis that NK cells are able to internalize target cell debris via a phagocytosis/macropinocytosis-like process. To further confirm this hypothesis, cells were analyzed by confocal microscopy. In these assays, NK cells were counterstained for cell surface CD16 to locate the cell surface. Figure 6E shows that NK cells indeed are able to internalize CFSE-labeled K562 cell fragments after killing, resulting in the detection of CFSE signal in the cytoplasm of the NK cells. These results indicate that porcine NK cells are able to perform actin polymerizationdependent internalization of antigens derived from their killed target cells.
DISCUSSION
The main activity of NK cells is to kill malignant or viral infected cells.
Our data suggest that porcine NK cells are also able to perform activi- We also found that porcine NK cells are able to internalize cell debris of target cells that they have killed. The internalization process depended on actin polymerization, suggesting phagocytosis-or macropinocytosis-mediated uptake. This is again in line with human NK cells, which have been reported to display phagocytosis-like activities, and have recently been shown to be able to phagocytose entire fungi, more specific Candida albicans. 35 Although mouse NK cells do not endogenously express MHC class II molecules, but only acquire them through membrane transfer from DCs, 10 in 2006, a mouse-specific immune cell subset displaying characteristics of both NK cells and DCs, called IFN-producing killer DCs or NK-DCs, was described, 36, 37 which is now called pre-mature NK (pre-mNK) cells . [38] [39] [40] [41] [42] These pre-mNK cells are able to present antigens to naïve T cells after killing. 36, 37 The potential pre-mNK analog in humans is the HLA-DR + NK cell, 35 which can play a role in inflammatory responses. 6 HLA-DR-expressing NK cells show a strong cytolytic activity and antigen-presenting capacities, 6, 7 which is in line with the previously described "presentation after killing" hypothesis. 5 Overall, the current data add to the idea that, in different species, 
